Abstract. The distribution mechanism for the Miller-Atkinson is presented based on some previous papers of the authors. The cam is obtained in an analytical way and the optimization procedure of its shape based on Jarvis March algorithm is also described. The non-linear vibrations of the mechanism are analytically obtained used the Fourier transformation and they are numerically validated for different types of cams.
Introduction
The references were discussed in our previous papers [9-11] and will not repeat here. The most of the scientists usually study the phenomena in an engine working after the Miller-Atkinson cycle. The study of the distribution mechanism is a very poor one because of its complexity and of the fact that the obtained cam is not a convex one. In our paper we will use the Jarvis March in order to obtain a convex cam and we will compare the results obtained in classical way with those deduced for the convex cam.
The distribution mechanism considered in our paper is presented in previous works of the authors [9] [10] [11] . It consists in a valve moving on the vertical direction (Figs. 1-4), a lever OB rotating around the revolute joint situated at the point O , at the end of the lever being situated a roll of radius 2 R . The lever is rigidly linked to the bar OD , at the end D of which being situated another roll of radius 3 R (Fig. 5) . The cam of center O (Fig. 5) rotates around its center, rotating the element B DO 2 and acting the valve.
Synthesis of cam
There exist four different variants to be considered: i) the valve is asymmetrically acted, the head of valve being a spherical one;
ii) the valve is symmetrically acted, the head of valve being a spherical one;
iii) the valve is asymmetrically acted, the head of valve being a planar one; iv) the valve is symmetrically acted, the head of valve being a planar one.
In An analytic approach (Fig. 1, a) 
Following a geometric approach (Fig. 1, b) ) one obtain the relation
where
For the situation described in ii) (Fig. 2 ) one may write [11] the geometric relations 
The mechanism in the symmetric case.
The cases iii) and iv) are characterized by simpler formulae (Figs. 3 and 4)
and
respectively. At the repose position ( 
where 
Analysis of cam

From the equations
One has to solve a nonlinear system of three equations 0  
Fourier analysis
We denote by  the angular velocity of the cam-shaft. In these conditions, one may write 
the force induced by all four valves (we assumed a fourstroke engine with 4 cylinders, the firing order being 1-4-3-2 (Fig. 6) ) is
and the net inertial force is given by , k integer, the rest of coefficients being zero.
It results the magnitude of the inertial force and the amplitude of oscillations as
e M being the mass of the engine.
One may write the following relations The resulted cams are given in Fig. 7 . In Fig. 8 are drawn the real laws of motion for the normal cams, and the laws of motion for the convex cams in some cases.
Some Fourier coefficients i a are given in Table 1 . The influence of different parameters on the dynamics of the mechanism will be the goal of our future work.
